Abstract Eight Saltol quantitative trait locus (QTL) linked simple sequence repeat (SSR) markers of rice (Oryza sativa L.) were used to study the polymorphism of this QTL in 142 diverse rice genotypes that comprised salt tolerant as well as sensitive genotypes. The SSR profiles of the eight markers generated 99 alleles including 20rare alleles and 16 null alleles. RM8094 showed the highest number (13) of alleles followed by RM3412 (12), RM562 (11), RM493 (9) and RM1287 (8) while as, RM10764 and RM10745 showed the lowest number (6) of alleles. Based on the highest number of alleles and PIC value (0.991), we identified RM8094 as suitable marker for discerning salt tolerant genotypes from the sensitive ones. Based upon the haplotype analysis using FL478 as a reference (salt tolerant genotypes containing Saltol QTL), we short listed 68 rice genotypes that may have at least one allele of FL478 haplotype. Further study may confirm that some of these genotypes might have Saltol QTL and can be used as alternative donors in salt tolerant rice breeding programmes.
Introduction
Rice is an important food crop of India. Among the several constrains which limit rice cultivation, salinity is the one that has profound effect in curbing the rice productivity globally. Salinity stress, in mild form, reduces overall plant growth; and an excess level leads to the enhancement of cell death (Ayala-Astorga and Alcaraz-Melendez 2010), which contributes 5 % of the crop loss (Tabatabaei 2006) . Among the two types of salinity, inland salinity is due to irrigation practices with sub-standard quality water (Chinnusamy et al. 2005) , whereas coastal salinity occurs due to inflow of ocean water in the coastal region. To counteract environmental stresses, plants utilize number of different mechanisms including phyto-hormone based pathways to combat against the adverse response of stress, ultimately leading to stress tolerance (Bostock 2005; Chehab et al. 2007) . Rice cultivation in India and its neighbouring countries such as Bangladesh, SriLanka and Pakistan is affected by salinity as it is grown in vast coastal regions which are liable to sea water ingress during high tidal periods and also in rain-fed areas in main land where problem of increasing salinity prevails in the root zone due to a rising water table.
With the advancement of various genomic resource, significant achievements have been made in developing salt tolerant rice cultivars through various approaches such as conventional breeding, marker assisted breeding (Xu et al. 1996; Lang et al. 2008; Singh et al. 2011) . However, identifying the naturally salt tolerant genotypes is important to enrich and broaden the genetic base which serves as a platform to search for new cultivars that can be used as novel donors of genes or QTLs for improving a particular trait. Thus, it is a great challenge for the plant breeders to find out either new genomic resources or new genetic resources . Crop improvement programs with respect to salinity stress most Electronic supplementary material The online version of this article (doi:10.1007/s12298-016-0342-6) contains supplementary material, which is available to authorized users.
importantly require the existence of genetic variability for salt tolerance within species. Therefore, choice of germplasm is of paramount importance towards such improvements as the success depends on it. Broad germplasm collection provides a useful source of genetic diversity for any trait to be studied.
Due to the complex and quantitative nature of salinity tolerance (Yeo and Flowers 1986) , it has been difficult to develop an accurate, rapid and reliable screening technique. Microsatellite markers or Simple Sequence Repeats (SSRs) are the markers of choice because of their advantages over other markers. (Garland et al. 1999; . The SSR markers are particularly suitable for evaluating genetic diversity and relationships among plant species, populations, or individuals Kuttubuddin et al. 2015) ; studying rice germplasm for either conservation or utilization (Sharma et al. 2007 ) and marker-assisted selection breeding (Rani and Adilakshmi 2011) . SSR markers have been exploited commendably to map QTLs associated with salt tolerance in rice (Lang et al. 2001; Singh et al. 2007) . After extensive studies, a major salinity responsive QTL, Saltol has been mapped on chromosome 1 and subsequently markers linked to this QTL have also been reported and widely used to screen the rice genetic resources for Saltol QTL (Gregorio et al. 1997; Islam et al. 2012) . It has been found that Saltol QTL contributes profoundly to salinity stress tolerance at seedling stage by maintaining the Na + /K + homeostasis (Gregorio et al. 1997; Mohammadi-Nejad et al. 2008) .
Therefore, in the present study we have done a genetic diversity study of Saltol QTL with eight polymorphic Saltol linked SSRs (Mohammadi-Nejad et al. 2008; Islam et al. 2012) in 142 rice genotypes and identified 68 genotypes that have at least one allele of Saltol QTL which might act as alternative donors of this QTL in the salinity tolerance breeding of rice.
Materials and methods

Plant material and genomic DNA extraction
One hundred and forty-two genotypes, comprising 129 salt tolerant and 13 salt sensitive genotypes, were used in the present study (Supplementary Table 1 ). Genotypes comprised of improved cultivars and landraces traditionally grown in Sundarban, coastal region of South Bengal, India. Total genomic DNA was isolated and purified as per the protocol described by .
Markers used for genotyping
Based on published literature (Gregorio et al. 1997; Mohammadi-Nejad et al. 2008; Islam et al. 2012; Mondal and Ganie 2014) as well as preliminary testing, we selected eight highly polymorphic markers that are tightly linked with Saltol QTL for using in the present study. The details of the primers, retrieved from Gramene (Jaiswal et al. 2006) , are given in Table 1 . The position of these markers ranged from 10.9 Mb to 14.6 Mb (Pertea et al. 2003) of Saltol QTL on chromosome 1 as depicted in Fig. 1 .
PCR amplification and data analysis
PCR amplification and the data analysis were performed according to Mondal and Ganie (2014) . Haplotype analysis was conducted according to Liu and Anderson (2003) with four most polymorphic SSR markers, i.e., RM8094, RM3412, RM562 and RM1287 using FL478 genotype as a reference.
Results
Major alleles, rare alleles, null alleles and allelic heterozygosity PCR amplification of the genomic DNA of the 142 genotypes with the eight SSR markers generated a total of 99 alleles, amongst which 20 were rare and 16 null alleles. The differences in molecular size between the smallest and the largest allele for a given SSR locus varied from 30 bp (RM10764) to 150 bp (RM8094). The lowest (90 bp) and the highest (320 bp) amplicon sizes were produced by RM8094 and RM562 respectively. Supplementary Fig. 1 shows the amplification of genomic DNA of 142 diverse genotypes with RM562. The number of alleles per locus varied with an average of 12.37. It thus reflected the diversity among the tested genotypes. Highest number of alleles (13) was produced by RM8094 followed by RM3412 (12), RM562 (11), RM493 (9) and RM1287 (8), whereas, the lowest number was produced by RM10764 and RM10745 (6). The highest PIC value was exhibited by RM8094 (0.991) whereas, the lowest PIC was recorded with RM10745 (0.962).
A total of 20 rare alleles were identified from the eight polymorphic SSRs. The highest number of rare alleles (5) was generated by the marker RM3412 and RM562 followed by RM1287 and RM493 (3 each) whereas, the lowest number of rare alleles (1 each) was shown by RM140,RM10745, RM10764 and RM8094. Similarly, 16 null alleles were detected from five out of the eight polymorphic loci. The highest number of null alleles (9) was generated by the marker RM10764, followed by RM8094 (3), RM493 (2) whileas, RM140 and RM 10745 generated the lowest (1) null allele number. Markers RM562, RM1287 and RM3412 did not put any null allele on display. Fifteen major alleles for all the eight SSR loci were detected in the present study. The allele (size 103 bp) of RM8094 locus was a major one and appeared in a maximum number (70) of genotypes followed by the major allele (size 173 bp) of RM1287 that occurred in 63genotypes. Another major allele (size 165 bp) was observed at RM10764locus and appeared in 55genotypes. It was observed that all the eight SSR primers amplified multiple heterozygous bands. Among the studied markers, RM8094 was the most heterozygous (97.2) while RM562 was the least. Table 2 details the data generated by eight SSR markers for 142 genotypes.
Haplotype diversity analysis
From eight polymorphic SSRs, four tightly linked to Saltol QTL were selected for haplotyping. Including the reference haplotype, 10 haplotypes were detected in the entire germplasm of 142 rice genotypes studied (Table 3 ). The nine haplotypes were represented by a minimum of one genotype viz., PSBRC50 in haplotype-6 to a maximum of 73 genotypes in haplotype-9. Among the 142 genotypes, none produced identical haplotype as that of reference genotype FL478 for all the four markers used for haplotyping. Sixty-eight genotypes had different combinations of FL478 reference alleles while, 73 genotypes did not produce any common alleles with the FL478 haplotype (haplotype-9). Forty-seven genotypes had only one of the allele common with the FL478 haplotype (haplotypes 1, 2 and 3). Also haplotype-2, formed only by RM8094, has the highest number of salt tolerant genotypes (27). This marker seems to have a close association with salt tolerance which may find application in breeding for salt tolerance through marker-assisted selection. Figure 2 depicts the genetic relationship among the 68 rice genotypes that have the similar haplotypes as that of FL478. The UPGMA-based dendrogram obtained from the binary SSR data deduced from the corresponding DNA profiles of the 68 genotypes divided the 5-TAGCTCCAACAGGATCGACC-3′ 5-GTACGTAAACGCGGAAGGTG-3′ Fig. 1 Physical location of the eight SSR markers on Saltol QTL on chromosome 1 of rice genotypes into four groups/clusters. Cluster-I, II and III had 19, 15 and 13genotypes respectively and were divided into 2 subclusters each. Cluster-IV had 21 genotypes and divided into 3 sub-clusters. Cluster-III comprised exclusively of salt tolerant genotypes whereas, all the other 3 clusters possessed salt tolerant genotypes predominantly along with few salt sensitive genotypes e.g. Kalarata and Swarna in subcluster-1 and 2 respectively of the cluster-I, IR29 in the subcluster-1 of cluster-II and Khitish in the subcluster-1 of cluster-III. Although the presence of sensitive genotypes in the dendrogram is not clear, however, this might be due to the fact that the analysis is based only on 4 SSR markers which do not span across all the salinity tolerant allele in Saltol, a phenomenon well reported in the literature about the similar studies .
The correlation between the groups of dendrogram and the different haplotypes was evaluated. It was found that majority of the genotypes from a particular haplotype belonged to a Hap specific cluster in the dendrogram e.g. 15 of the 21 genotypes in the cluster-IV belonged to the haplotype-1. Almost 33 % of the genotypes from haplotype-1 e.g. Jarava, Indrayani, Bhutnath and Sumati lied in the cluster-III. Haplotype-7 and 8 housed predominantly in the cluster-II whereas, haplotype-5 and 6 lied exclusively in the cluster-II and I respectively. This type of analysis indicated a broad correlation between the haplotypes and genetic relationship among the genotypes.
Discussion
A small percentage of the world rice germplasm collections has been employed in the breeding programs despite the abundance of genetic resources. Consequently a high degree of genetic similarity is found among the commercial rice varieties around the world. For designing the effective breeding programs, awareness about the amount of genetic variation in germplasm collections and genetic relatedness between genotypes are important considerations. It is very important to broaden the genetic base of the cultivated rice varieties so as to reduce their vulnerability to adverse environments and biotic challenges. Besides, genetic improvement depends mainly on the extent of genetic variability present in the population. For assessing these genetic variations and resolve cultivar identities, the molecular marker is a useful tool. Among the different molecular markers, SSRs are more robust in differentiating individual germplasm accessions . Additionally, SSRs have several benefits over other molecular markers, e.g. abundance in genome, higher polymorphism, co-dominance and cost effectiveness (Ni et al. 2002) . Though, more than 40,000 varieties of rice have been reported globally, yet only a few of them are popular and grown widely (Vanniarajan et al. 2012) . Therefore, to develop new rice cultivars, it is important to know the genetic makeup of underutilized or unexplored rice germplasm. For example, it has been found that Pokkali or its descendent FL478 remain dominant donors for Saltol QTL to develop the salt tolerant rice cultivars. These two genotypes are widely used in back crossing programs to introgress this QTL into locally adopted sensitive cultivars. Therefore, there is a need to find out the alternative donors of this QTL to broaden the genetic bases. Although there are morphological markers and physiological techniques available to identify the salt tolerant cultivars, yet they cannot identify the QTLs precisely so that an alternative donor can be identified. However, the prerequisite for identification of donors of a particular salt tolerant QTL is to study the genetic diversity of that QTL by its linked markers.
In the present report, we studied genetic diversity of the Saltol QTL on chromosome 1 with its linked SSRs among a diverse collection of salt tolerant as well as sensitive rice genotypes. It also demonstrated well the usefulness of SSRs in detecting the possible presence/absence of the Saltol QTL in rice genotypes. Further, it elucidated the genetic distances among the 68 rice genotypes likely to have one of the alleles of reference haplotype through analysis of the profiles generated by the four out of eight SSR markers.
All the eight SSR markers amplified polymorphic bands in the 142 genotypes. Several workers also reported that these markers are highly polymorphic (Mohammadi-nejad et al. 2008; Karmakar et al. 2012; Chattopadhyay et al. 2014; Ganie et al. 2014) . The PCR profile obtained from the SSR markers generated a total of 99 alleles including 20 rare alleles and 16 null alleles, accounting an average of 12.37 alleles/ locus which is higher than the numbers reported by other groups using the SSR markers (Mohammadi-Nejad et al. 2008; Islam et al. 2012; Karmakar et al. 2012; Das et al. 2013) . Based upon the PIC value, amplicon size range and the number of alleles, RM8094 is advocated to be the most useful and informative marker than others for studying the diversity of Saltol QTL. It was immediately followed by RM3412, RM562 and RM1287. In addition to this, our findings are in accordance with some previous reports (Thomson et al. 2007; Mohammadi-nejad et al. 2008; Islam et al. 2012; Islam and Gregorio 2013; Babu et al. 2014 ) who also reported RM8094, RM3412 and RM1287 as the useful markers either for marker assisted selection of Saltol QTL or to study the genetic diversity of this QTL. However, the current study differs from these previous studies in several aspects such as name of the genotypes, number and name of the SSRs and most importantly use of reference genotype for haplotype analysis. For example Babu et al. (2014) used Pokkali as reference. Since there are several Pokkali genotypes, thus to ensure the presence of Saltol QTL, we used FL478 as reference.
The entire germplasm was represented by10 different haplotypes (including the reference haplotype) ( Table 3 ). The genotypes possessing at least one of the FL478 allele for the locus RM8094 may have Saltol QTL which may render these genotypes salinity tolerant. So, the genotypes under the haplotypes 2, 4, 7 and 8 might have Saltol QTL as all of them have at least one allele of RM8094 marker. Salt tolerance of these genotypes has already been reported by various researchers (Supplementary Table 1) including our previous study (Pani et al. 2013) . Some of such salt tolerant genotypes that contain RM8094 and/or RM1287 and RM3412 marker allele are Kalarata, Boyarbot, Hansswari, Rupsail, Ranidhan, Kanakchur, Namita Dipti, Amal Mona, Nona bokra, CSR30, Shiedi, Kumarmani, Kendal, SALINAS 3, Malabati, Asfalmota, SR 26B, Bello, Utpala, PSBRc 84, NSIC RC 190, CSR11, Talmugur, SALINAS 4, Sadagetu, SALINAS 2, Auspachali, CSR4, PSBRC 88, IR50, Getu, Lalat, CSR13, Palbeda, Pokkali 3, Marisal, Darsal, CSR36 , SUMILAO. The haplotype-2, which has been formed exclusively by the RM8094 allele, contains the highest number of salt tolerant genotypes (27) . Thus, all the genotypes of the haplotype-2 possess the salt tolerant FL478 type allele and hence more likely their salinity tolerance are due to the presence of Saltol QTL. Therefore, this marker (RM8094) can be recommended for using in marker assisted breeding to introgress this QTL for salt tolerance. In fact, salt tolerance is a quantitative trait and is regulated by multiple genes. Therefore, it can be said that the 68 genotypes that possess one of the marker alleles for FL478 haplotype might have this QTL (Saltol) contributing towards the salinity tolerance, however, presence of other QTLs rendering them salinity tolerant cannot be ruled out. However, further research is needed to be carried out along with the phenotypic and physiological screening in order to prove that tolerance in the sixty-nine genotypes is due to the presence of the Saltol QTL.
As a general indicator of the amount of genetic variability with respect to a particular trait, the determination of the amount of heterozygosity across loci can be a good choice. Locus heterozygosity can be very well employed to measure the genetic variation (Allendorf 1986 ). All the studied SSR primers amplified multiple heterozygous bands. Among the studied markers, the heterozygosity for RM8094 locus was the highest (97.20) whereas the locus RM562 was the least heterozygous. Thus, locus heterozygosity also indicated RM8094 as a superior marker for genetic diversity analysis with respect to salinity tolerance trait.
For identifying populations that need special management and deserve attention, allelic richness, in terms of rare and private alleles, is useful. Allelic richness of populations of an endangered tree species was compared to identify genetically diverse populations so that these populations could be protected (Petit et al. 1998 ). The number of rare alleles in a population (private allelic richness) is a simple measure of genetic distinctiveness (Kalinowski 2004) . A total of 20 rare alleles were identified from the eight polymorphic loci. The highest number of rare alleles (5) was generated by the marker RM3412 and RM562 followed by and RM1287 and RM493 (3 rare alleles each), while the lowest number (1 each) of rare alleles was shown by RM140, RM10745, RM10764 and RM8094. Hence, from the perspective of number of rare alleles also, these 5 markers can be regarded as the superior markers because higher the number of rare/rare alleles for a particular marker the most informative the marker is.
Five out of the eight polymorphic loci showed 16 null alleles. Null alleles are produced most probably due to mutations in the binding region of one or both of the SSR primers (Callen et al. 1993) , thereby inhibiting primer annealing and subsequently leading to no amplification at that locus for a particular genotype. Fifteen major alleles for all the eight SSR loci were shown by the studied germplasm.
Conclusion
In conclusion, this is a preliminary study with Saltol QTL linked SSR markers to study the genetic diversity of Saltol QTL in 142 genotypes. On the basis of genetic diversity, we concluded that 68 genotypes may have putative Saltol QTL region, although there may be other QTLs that may provide salinity tolerance. It was shown that RM8094 followed by RM3412, RM562 and RM1287 were useful markers that produced polymorphism of this region and are suitable for marker assisted breeding to introgress this QTL. These markers can also be used in preliminary screening to select the presence of Saltol QTL allele. Based on the present analysis, we also concluded that the salt tolerance of rice genotypes that did not show any similarity with FL478 haplotype, could be due to some other salt responsive alleles (other than Saltol QTL) with different mechanisms for providing salt tolerance.
